Children with higher working memory or updating (WMU) capacity perform better in math.
patterns was significantly related to arithmetical proficiency, this was rendered nonsignificant when WM and updating were included in the model. They suggested that relations between different aspects of math may be an artefact of common WM and updating demands.
Toll, Van der Ven, Kroesbergen, and Van Luit (2011) found that whilst WM, updating, and preparatory math abilities provided equally good prediction of low math achievement measured 1.5 years later, WM and updating predicted persistence of math difficulties, over and above the predictive value of preparatory math abilities.
WM and updating are needed when children learn new math skills and are likely involved in the process of understanding, interpreting, and integrating new information with existing math knowledge. WM and updating are also needed when children are faced with math problems and have to generate solutions by considering the problems in light of their existing math knowledge. According to these views, abilities to learn or demonstrate new math skills should be tightly intertwined with existing math knowledge. This should be of particular importance in areas of math that have a cumulative or hierarchical nature (e.g., multiplication building on earlier competencies in addition). In other areas of math, there may be less dependency; either because of their foundational nature (e.g., magnitude comparison versus knowledge of number words) or because of the specialist knowledge required for solution (e.g., probability). By definition, for areas where there is relative independence, prior performance will have a weaker influence on subsequent performance. Even amongst areas of math that are logically interconnected, learners may not perceive or understand their Updating & Math 6 interconnections and treat them as discrete pieces of information. If this is the case, WM and updating, being domain-general, will serve as a more consistent explanatory variable for math performance.
Others suggest that math performance is dependent largely on building up domain specific skills and knowledge. Although a certain level of WM is needed to support the performance of math tasks, performance is largely predicted by domain-specific variables.
Focusing on arithmetic fluency, Fuchs, Geary, Compton, Fuchs, Hamlett, and Bryant (2010) , found that only domain-specific skills significantly predicted simple arithmetic computation skills in Grade 1; domain-general abilities did not mediate this relation (WM did however explain variance in a word problem version of the computation task). Fuchs et al. argued that arithmetic fluency grows out of the development of meaningful and interconnected knowledge about numbers that may have their foundation in early ability to subitize and estimate magnitude. Zheng, Swanson, and Marcoulides (2011) examined the contribution of WM to 7-10 years' ability in arithmetic computation and arithmetic word problems. WM was a significant predictor, but its direct relation to word problem solving accuracy was fully mediated by reading and computational skills (see also Fuchs et al., 2006 , who found that phonological processing mediated the relationship of WM to arithmetic fact fluency and word problem solving). Träff (2013) focused on 10 -13 year olds and examined the role of WM, numeracy, and magnitude comparison skills on arithmetic fact retrieval, computation, and word problem solving. Numeracy and magnitude comparison skills, but not WM, uniquely predicted performance in arithmetic fact retrieval; verbal fluency and intelligence, but not WM, predicted arithmetic computation and word problem solving.
Consistent with this view are findings that WM and updating are not uniformly correlated with math performance, even when prior math performance is not included in the explanatory model. Simmons et al. (2012) , for example, found that WM was correlated with Updating & Math 7 single digit addition at Grade 1, but not with single digit multiplication accuracy in Grade 3.
Similarly, Meyer, Salimpoor, Wu, Geary, and Menon (2010) found that WM did not correlate with performance on the Numerical Operations task (Wechsler Individual Achievement Test, WIAT) , but did predict performance on WIAT Math Reasoning in 2 nd , but not 3 rd grade.
They suggested that WM may be important in initial learning (e.g., in guiding the use of counting strategies), but its importance diminishes during later stages of learning.
In contrast to findings on arithmetic problems, a number of studies that focused on algebraic problems suggest a more prominent role for WM and updating. Lee, Ng, Ng, and Lim (2004) found WM directly explained variance in algebraic problem solving accuracy, even when literacy and performance IQ were included as mediators. Focussing on children aged 10 years and older, Lee, Ng, and Ng (2009) replicated their earlier finding that WM and updating explained significant variance in algebraic problem solving, but also showed that performance is reliant on ability to decode and assign math relations to quantitative relations specified in the word problems. Of interest was that there were also strong relations between WM, updating and these more foundational math abilities. Khng and Lee (2009) found a more nuanced relation between WM and algebra in 14 year olds. In an exploratory path analysis, they found WM explained variance in a conceptual measure of algebra. For a computational measure of algebra, WM explained performance only indirectly, via a measure of intelligence. The mixed findings from these studies point to a third and perhaps more probable pattern, which suggests that the relation of WM to arithmetic may diminish with age, but that the relation to more complex skills may depend on the type of math task under consideration and the kind of domain-specific or domain-general factors that are included as explanatory variables.
To summarise, there are differing models for the relation between WM, updating, and early math achievement. Some suggest that earlier math skills are more dependent on basic
Updating & Math 8 number abilities (Fuchs, Geary, Compton, Fuchs, Hamlett, Seethaler, et al., 2010) . Others have argued that even simple tasks like magnitude comparison and deciding whether a verbally presented word refers to a number, demand both simultaneous and sequential processes of perceiving, coding, interpreting, and comparing information in different modalities (Kolkman, Hoijtink, Kroesbergen, & Leseman, 2013; Noël, 2009) . Even a simple arithmetic task will likely rely on counting and other effortful strategies that require children to keep track, update, and manipulate numbers at hand (Monette, Bigras, & Guay, 2011) . Few studies have focused on more complex math. Those that have focused on older children solving relatively simple arithmetic problems suggest that their growing knowledge of math and problem solving strategies decrease their reliance on effortful, controlled processes.
Performance becomes increasingly dependent on how well they have acquired prior knowledge. However, the acquisition of more complex math skills, acquired via schooling, is still reliant on general cognitive abilities.
Longitudinal Studies. The studies reviewed above are cross-sectional in nature.
Although they provide some insight on age related variation in the relation between WM, updating and domain specific knowledge, they provide little information on the extent to which performance is predicted by prior math performance versus WM or updating capacities. A number of recent studies have begun to address this issue using either repeated measures or longitudinal designs.
Geary and his colleagues have recently published a number of studies based on data from children tracked from kindergarten to 5 th grade. Their findings suggest that the role of WM varies both with children's experience and the type of math problems that they were asked to solve. Focusing on the use of addition strategies, they concluded that individual differences in WM are particularly important for understanding variation in the rate of learning to use strategies. Once these strategies have been learned, WM largely affects rate of Updating & Math 9
executing the strategies (Geary, Hoard, & Nugent, 2012 WM was uniquely predictive of math achievement at both Grades 1 and 2, it was no longer a significant predictor of achievement at Grade 2 once Grade 1 math achievement was included as a predictor. Similar patterns of partial or complete mediation were found in studies that focused on more complex math skills. Lee, Ng, Bull, Pe, and Ho (2011) tested the extent to which 10 years olds' performance on algebraic word problems was related to WM and updating, ability to solve math patterns, and their computational proficiencies. Children were tested first at Grade 4, then one year later. Relations between WM, updating, and algebra were mediated and rendered non-significant by patterns and computational proficiencies. Fuchs et al. (2012) , also focusing on pre-algebra, found WM measured at Grade 2 was not a significant direct predictor of performance, but had a small indirect effect on calculation skill at Grade 3. Seethaler, Fuchs, Star, and Bryant (2011) found Grade 3 computational fluency accounted for the most variance in both whole and rational number skills at Grade 5. Of the WM measures, only backward Digit Recall, not Listening Span, uniquely accounted for a small but significant amount of variance in both whole and rational number skills.
Updating & Math10
Differences in the predictive power of the various WM tasks suggest that it is ability to manipulate number rather than WM per se that explained variance in number skills.
In contrast to findings suggesting that WM is not as important as domain-specific knowledge at Grades 1 and 2, Van der Ven, Kroesbergen, Boom, and Leseman (2012) found that updating, but not other EFs, explained math achievement at each of four time-points in Grades 1 and 2. Latent growth models showed significant individual differences in the rate at which children improve in math, with minimal variation in growth rate for updating. They also found a significant correlation between attainments in math and updating, and significant correlation in their rates of growth, but attainment was not related to rate of growth in either cases. Van der Ven et al. argued that updating plays an important role in the math learning process, and that they influence each other's development. Monette et al. (2011) focused on slightly younger children and found that WM at kindergarten predicted performance on math reasoning at Grade 1, even when pre-numeracy abilities were included as a covariate. They argued that the lack of automaticity in simple arithmetic at this age may make performance on math reasoning questions particularly demanding on WM.
The Present Study
Previous findings point to three ways in which patterns of relations between WM, updating, and math performance can be characterised. Studies conducted with younger children, in particular, suggest that WM predicts math performance more consistently than does prior math performance. Others suggest that the explanatory power of WM and updating is largely mediated by prior math achievement. A third and more probable model is that the relative importance of WM, updating, and prior math performance vary both with age and the domain of math under consideration.
In the typical course of development, competency in a particular domain of mathematics is likely to improve with experience, with subsequent competency dependent on interdependencies between math domains, we gain in sensitivity to address our main question regarding the extent to which later math achievement is dependent on earlier competencies.
We examined the relations between WM, updating, and math performance from three different perspectives. First, we used a cross-sectional approach and examined whether the concurrent relation between WM, updating, and math performance remained stable from Kindergarten to Grade 9. In these initial analyses, prior math performance is not included in the analyses. Second, we examined the extent to which earlier capacities in WM, updating, and math contributed to later development in the two areas. These analyses allowed us to examine specifically the relative predictive power of WM and updating, versus prior math performance. In relation to this, our final research question specifically addresses the extent to which performances in kindergarten affected rates of growth. Few studies have examined
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We used a cross-sequential design that covered a span of ten grades: kindergarten to Grade 9. WM and updating capacities were measured using a multi-task latent approach that captured their shared variance. Although there is some data to suggest that visual versus verbal WM tasks may predict math performance differently at different grades (e.g., Van de Weijer-Bergsma, Kroesbergen, & Van Luit, 2014) , given the conceptual assumption that the processing component of executive WM is amodal (Baddeley, 2000) , we thought it important to have a reliable measure of this underlying construct. For this reason, we selected WM and updating tasks that used both visual and verbal stimuli as indicators to minimise the impact of stimulus modality on our latent measure.
Method

Participants & Design
We recruited and the two oldest age groups (i.e., 14 and 15 year olds), this cross-sequential design provided us with data from two cohorts for each of 10 grades.
Children in the four commencing cohorts were recruited from five kindergartens and five public schools in western Singapore. Most of these schools served families with low to middle SES (measured by monthly household income on a 6 point scale from below $1000 to above $5000 in $1000 gradation, M = 3.7, SD = 1.7). In Singapore, children enter primary school, or Grade 1, the year they turn 7 years of age. Secondary school starts at Grade 7.
Because of the longitudinal nature of the study, at the end of the study the children were spread across 81 primary and secondary schools. 365 children participated in all waves of Updating & Math13 data collection and provided full data. Three children contributed only some auxiliary data, but none of the main variables used in this analysis. Of the remaining 670 children, 38 participated in the first year only. Overall, there are 98 different missing patterns: 43 children, for example, were missing for the second year of data collection, but contributed data to some or all subsequent waves.
All children participated with parental consent. Similar to the national distribution, 64% of the children were ethnic Chinese, 9% Indian, and 24% Malay; the remainder was from other ethnicities. The data reported in this study are from a larger study that examined the development of executive functioning and algebraic skills. Details on developmental changes in the factorial structure of executive functioning measures, including the WM and updating measures reported here can be found in Lee, Bull, and Ho (2013) .
Materials and Procedure
Children were tested annually for four years, once per year. At each time-point, children were administered a large battery of EF (WM and updating, inhibition, and shifting, see Lee, Bull, & Ho, 2013) , performance intelligence (PIQ), reading and math tasks. These were divided into five sets, with each set taking 45 to 60 minutes to administer. The tasks were administered in a fixed order, but the order in which the sets were administered was varied. Typically, we administered one set per day, but depending on schools' schedule and availability, test administration spanned from 2 days to several weeks. All tasks were administered individually to the younger children. For older children, the computerised tasks were administered in small groups.
Children from the four commencing cohorts were tested at different times of the year.
To ensure that differences in math performances were not affected by differences in curriculum coverage, children from different cohorts, but who are at the same grade, were tested at the same time of the academic year. The current analysis focussed on the WM, Updating & Math14 updating, and the math tasks. The PIQ, inhibition and shifting measures were included as control variables.
WM and Updating. The Listening Recall (Alloway, 2007) , Mr. X (Alloway, 2007) , and Pictorial Updating (Lee et al., 2013) tasks were used to measure children's WM and updating capacity. In Listening Recall, the children were first administered a series of simple statements (e.g., fish live in the sky), which they were asked to verify as "true" or "false".
The children were also asked to remember the last word in each statement. At the end of each trial (which contained one to six statements), there was a recall test. The dependent measure was the number of words recalled correctly in the order in which the statements were presented. Because the output of this task does not provide item-by-item data, internal reliability could not be computed; Alloway (2007) reported test-retest reliability of .81.
In the Mr. X task, two human figures were presented side-by-side. Each figure held a ball in one of six cardinal positions. One figure was identified as the target. In each trial, the children were asked to do two things: first, to decide whether the two figures were holding the ball on the same side; second, to remember where the target figure held the ball. Similar to Listening Recall, the number of figures presented in each trial varied from one to seven pairs. The dependent measure was the total number of positions recalled correctly in the order in which they were presented (test-retest reliability = .77, Alloway, 2007) .
In the Pictorial Updating task, we presented black-and-white sketches of animals to children on a computer screen, one at a time. Children were asked to remember the last few animals that were presented. The number of animals to be remembered (2 -4) was stated at the beginning of each trial, but the number of animals that would be presented in each trial was not. The number presented in each trial varied quasi-randomly from three in the easiest block, to 11 in the most difficult. Each block contained two practice sets and 12 experimental 
Control Measures.
Although not a main focus of the study, we examined whether the relations between WMU and math were modified by the inclusion of other domain general abilities, as measured by three inhibitory and three shifting measures, and a measure of PIQ.
The Block Design task was used because it has the highest correlation with the PIQ subscale in the WISC (Sattler, 2001 ). We administered the task using published instructions (Wechsler, 1991) ; children were asked to copy abstract shapes using coloured blocks.
Because the inhibitory and shifting tasks are described in detail elsewhere (Lee et al., 2013) , we describe them only briefly here. The six inhibitory and shifting measures were generated from four computerised tasks. Children were asked to guide a butterfly or a frog to their respective homes on either side of the screen. In the congruent trials, the stimuli appeared on the same side as their home. They appeared on the opposite side in the incongruent trials. We also used a Picture-Symbol (based on the Number-letter task, Miyake et al., 2000) and a Mickey task to assess shifting and inhibition respectively. In Picture-Symbol, children were asked to judge whether a bigram contained a depiction of an animal or a number. Instructions were alternated to provide alternate trials that involved a switch in the rule by which the bigrams were to be assessed versus trials that did not involve rule switch. In the Mickey task, a picture of Mickey Mouse was presented on either the right or the left side of the screen. Each trial was preceded by squares that were presented on both sides of the screen, or squares that appeared on either the same or the opposite side as Mickey. Children were asked to indicate the side on which Mickey appeared. In all tasks, reaction time were used in latent structure models in which mean reaction time in the incongruent or switch conditions were regressed on to the congruent or non-switch conditions, respectively. The incongruent and switch data were then used as indicators for the inhibitory and switch latent measures, respectively (Lee et al., 2013) .
Analyses
Data were first screened for missing values, outliers, and normality of distribution.
We conducted three sets of analyses. To ascertain the relations of WM, updating, and math at each of the ten time points, we conducted a series of cross-sectional analyses. Performances on executive functioning measures, including updating, are typically affected by multiple processes. To obtain separate estimates of true scores and measurement error, we used a latent approach to generate a latent factor (WMU) from the Pictorial Updating, Mr. X, and
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Listening Span tasks. Data from these tasks were reported in Lee et al. (2013) to load on the same factor and to exhibit longitudinal factorial invariance. In the second set of analysis, we fitted a cross-lagged autoregressive model to the data. This examined the extent to which earlier capacities contributed to later development. WMU scores were used to predict subsequent performance in both WMU and math; similar predictive relations were specified for the math scores. The final set of analyses examined how growth can be characterised and examined whether performance in kindergarten affected subsequent rates of growth. Latent growth curves were fitted to both WMU and the math data. We examined whether the WMU parameters were predictive of those from the math measures.
For the cross-sectional analysis, because the kindergarten children were recruited from five different centres, we took account of potential cluster effects by regressing the various manifest variables onto dummy variables that corresponded to the kindergartens.
With transition to higher grades and the availability of same-grade data from other cohorts, children in other grades were drawn from a larger number of schools. For these grades, we used the cluster sampling algorithm in Mplus to correct for potential underestimations of standard errors. Inclusion of cluster information in the cross-sectional analysis affected the overall pattern of findings only for the kindergarten children. Nonetheless, we took a more cautious approach and corrected for cluster effects for variables that exhibited a large design effect (> 2.4, see Table 1 ). In both the cross-lagged autoregressive and latent growth models we regressed the affected variables to dummy variables that corresponded to schools from which children were drawn.
Results
To attenuate the effects of outliers while preserving their status as extreme values, we replaced accuracy scores that were > 3 SD from the sample mean with values computed at 3
SD from the mean. Screening for multivariate outliers resulted in the deletion of 17 cases boys), and Primary 6 (N = 147, 65 boys). In total, 14.02% of data points were missing because participants dropped out of the study, failed to attend the whole set of assessment during a particular wave, or failed to participate in a particular wave of data collection. To avoid bias (Graham, 2009 ) and reduction in power that result from listwise deletion of data, analyses were conducted using all available data using full information maximum likelihood, as implemented in Mplus 7.11 (Muthén & Muthén 2011) . Means, variance, and bivariate correlations can be found in Table 1 .
<insert Table 1 about here>
Concurrent Relations
To examine whether relations between WMU and math performance varied from
Kindergarten to Grade 9, we conducted a series of correlational analyses. For grades that recruited from two cohorts, data were collapsed across cohorts. WMU was correlated with math performance at each grade. Correlations ratios were transformed into Fisher's z to examine differences in relations across grades. These relations were found to be the weakest at Kindergarten (r = .327), peaked at Grade 1 and 2 (r = .658 and .627 respectively), became significantly or marginally lower for much of Grades 3 to 7 (.47 < r < .551), before increasing again in Grades 8 and 9 (r = .588 and .547 respectively). Table 2 provides fit indices for each age group, factor loadings for WMU, and the correlation coefficients.
<insert Table 2 about here> Regarding the control measures, Lee et al. (2013) reported that the six inhibitory/switch measures conformed to a unitary factor from kindergarten to Grade 8 and were distinguishable as separate inhibition and shifting factors only at Grade 9. Here, we used the same data and incorporated the corresponding executive functioning factor into our
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With the three constructs considered simultaneously, the findings showed that inhibition/shifting and math performance did not correlate at any grade, but correlations between WMU and math remained statistically significant (r = .256 for K2, r > .409 for Grades 1 -9).
PIQ was modelled as a single indicator latent construct with residuals estimated from published reliability coefficients (Wechsler, 1991) and sample variance, and were covaried with WMU and math performance. PIQ correlated strongly with WMU (.520 < r < .701). Its correlation with math performance was relatively weak at K2 (r = .211), remained weak to moderate across Grades 1 to 5 (.280 < r < .396), but became strong for the upper grades (.459 < r < .561). Relations between WMU and math performance remained little changed from when PIQ was not included (.211 < r < .652). It is notable that, from Grades 1 to 5, though WMU was more strongly correlated with math performance than PIQ was with math, both WMU and PIQ were correlated strongly and similarly with math for the remaining grades.
Predictive Relations
To examine whether prior performances or capacities predicted future performances, we fitted a cross-lagged autoregressive model to the data. WMU from each cohort and each wave of data were regressed to the year before. A parallel autoregressive chain was formed using Numerical Operations. Predictive relations between math and WMU were modelled using cross-lagged regressive parameters between the two constructs.
One advantage of our cross-sequential design is that it allows us to examine growth across ten age groups even though children in each cohort were tracked for only four years.
To model the complete longitudinal sequence, we constrained autoregressive and crosslagged coefficients from overlapping grades, originating from different cohorts, to be the same. Intercepts and factor loadings for each WMU manifest measure were also held constant
Updating & Math20 across all grades and cohorts (Model 1). In effect, these equality constraints specified that, across cohorts, children of the same grade were expected to exhibit the same pattern of findings.
Fit indices for this model were relatively poor, χ 2 (596) = 1032.399, p < .001, RMSEA = .067, CFI = .877, SRMR = .126. Much of the misfit originated from the Pictorial Updating task (Kindergarten, Wave 1). The modification indices showed that the Kindergarteners' range of performance commenced at a lower point than that estimated by the model. Given the age of the children, it seems reasonable that some of them had difficulties with the task.
The modification indices also showed that equality constraints placed on 2 of the 48 intercepts (the Pictorial Updating task at Grade 2 and Mr X task at Grade 9) resulted in some misfit. Additional cluster control was also recommended for two data points. These changes were incorporated into a revised model (Model 2). Notably, none of the modification indices suggested that misfit resulted from cohort differences. In fact, a comparison of models in which same grade, across cohort parameters were estimated freely, versus constrained to equality, revealed little differences, ∆χ 2 (12) = 13.981, p =.302, ∆CFI = .001.
The revised model exhibited a better fit to the data, χ The revised model showed that in kindergarten and the first two years of formal schooling, performance in math is less dependent on previous achievement in math than it is on WMU. Despite moderate to strong bivariate correlations between the math scores from the Updating & Math21 first three time-points, these relations were not significant when the cross-lagged influences of WMU were included in the model. Similar to the cross-sectional findings, cross-lagged relations between WMU and math were the strongest at K2 and Grade 1, but were more moderate for much of the primary school years from Grade 2 -5. These relations were no longer significant from Grade 7 onwards. The autoregressive relations between WMU at each time-point were very strong. As noted earlier, autoregressive relations between the math measures were not significant between K2 and Grade 2, but were strong in other grades.
Notably, math performance did not predict WMU capacity at any point.
<insert 11. The findings showed that math performance was predicted consistently by WMU, but not PIQ.
Characterizing Growth
A question we have not yet addressed is whether there are individual differences in children's rates of growth and whether early attainments influenced their rates of growth. To examine these issues latent growth curve models for WMU and math were first estimated.
Intercept and growth parameters from the math model were then regressed onto those from WMU (see Figure 2 ).
<insert Figure 2 about here> For the math data, we fitted an autoregressive latent trajectory model (Bollen & Curran, 2004) , in which the very first time-point (kindergarten) was rendered an extraneous variable and a predictor for a growth curve that described development from Grades 1 to 9.
Rates of growth were estimated freely with the constraint that they are equal across grades from different cohorts. As shown in Figure 2 (upper panel), the primary years were characterised by rapid periods of growth punctuated by slower growth between Grades 2 and Updating & Math23 3 and between Grades 4 and 5. There was a marked slowing during the final three years, perhaps related to the switch to the secondary school curriculum. There were significant individual differences in performance at Grade 1, σ 2 = .04, p < .001. Rates of growth also exhibited significant individual differences, σ 2 = .03, p < .001.
Because the WMU data were multivariate in nature, growth was modelled using a curve-of-factors approach (T. E. Duncan, Duncan, & Strycker, 2013) in which a growth curve was modelled on WMU latent factors taken at each of the four time-points. Similar to the model for math scores, rates of growth were estimated freely with equality constraints placed across same grade cohorts. The model showed significant growth in WMU capacity across age groups, M = .812, p < .001, and significant differences in kindergarten children's WMU capacity, σ 2 = .258, p < .001. However, rates of growth did not differ across individuals. As illustrated in Figure 2 (lower panel), the slope coefficients suggest steady growth with signs of slowing during the last two grades.
The overall model showed a moderate fit to the data, χ 2 (619) = 871.958, p < .001, RMSEA = .050, CFI = .929, SRMR = .135. The WMU intercept predicted the math intercept (β = .369, p < .001). Because the math growth function was estimated with performance at Grade 1 as the intercept, this replicates the finding from the predictive analyses showing that WMU capacity at kindergarten predicted math performance at Grade 1. Average rate of growth in math was also predicted by the children's WMU capacity at kindergarten (β = .312, p < .001). Kindergarteners with higher WMU capacity improved in math faster than did those with lower WMU capacity. In contrast, children with poorer math achievement at Grade 1 exhibited more improvement in math than did those with better achievement (r = -.858, p < .001).
To examine possible causes of variation, we added gender and SES as covariates for the intercept and growth terms of math and WMU. The findings showed that higher SES was
Updating & Math24 related with higher WMU at kindergarten (β = .233). SES did not explain variance in the math intercept, but explained differences in math growth for the Grade 4 cohorts (β = .281).
Boys in the youngest cohort exhibited a marginally lower rate of growth in math than did the girls (β = -.200, p = .053), but no gender related differences were found in the other cohorts.
Discussion
The current findings add to the literature by examining patterns of growth in WM, updating, and math over an extensive period from early childhood to the mid-adolescence years. The concurrent, cross-sectional, findings are generally in support of the hypothesis that their relations vary with grade. However, the variation is more notable across kindergarten and Grade 2. Although some of the higher grades exhibited lower correlations relative to the peak at Grade 1, correlations were generally strong and there was relatively little variation across Grades 3 to 9. Similar to findings from a recent review of the literature on relations between updating, inhibition, shifting, and math performance (Bull & Lee, 2014) , we found no significant correlation between inhibition, shifting, and math performance, nor did they affect the correlation between WM, updating, and math. Although our measure of performance intelligence was correlated with math performance, its inclusion in the crosssectional model did not reduce the strength of correlation between WM, updating, and math.
These findings demonstrate that the role of WM and updating is not an artefact of either performance intelligence or other aspects of executive functioning.
Similar to findings from Geary (2011), the concurrent findings suggest that the relation between WM, updating, and math is weaker in kindergarten than in other grades. The majority of our kindergarten children were able to answer the questions on basic number recognition, writing, counting, and sequencing, with just under half also advancing to the simplest single digit arithmetic questions. Given these observations, it is likely that these basic numeracy skills are well practiced amongst our kindergarten children and imposed less
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The heavy dependence between WM, updating, and math at Grades 1 and 2 may be due to the immaturity of number bonds and arithmetic strategies. An inspection of children's performance in the Numerical Operation task showed that only half of the children in Grade 1
were successful on questions involving single digit addition and subtraction. Around one third of the children were successful on the multi-digit addition and subtraction questions.
Thus, although many children were doing well, a large number were still having difficulties even with simple arithmetic questions. Indeed, experimental data suggest that, even for adults, multi-digit addition is demanding on WMU resources (Fürst & Hitch, 2000) .
Predictive Relations. It is important to note that the concurrent findings did not take account of the contributions of prior math achievement. In the cross-lagged autoregressive models, which tested the contributions of both prior math achievement and WM capacity, the latter was found to predict math performance at all grades. Of note is that the magnitude of these predictive relations remains the same across all grades. On the face of it, the concurrent and predictive findings seem contradictory. Analytic techniques aside, these differences are perhaps reflective of differences in resources that are needed for executing computation or problem solving, versus resources needed to support the learning of new concepts and procedures, respectively. Our predictive findings suggest that reliance on WM and updating resources for learning do not vary across grades. Fluctuations observed in the concurrent findings may reflect changes in resources needed for executing computation, with reductions resulting from automaticity that comes with additional practice. This is perhaps the reason for the slight reduction in cross-sectional correlation at Grade 6. In the local context, a sizeable
proportion of time in that grade is devoted to consolidation in preparation for a high stake examination held at the end of the grade. Furthermore, the finding that in the higher grades (6 -9), correlations between our performance intelligence measure and math became as strong as those between WM and math suggest that there is an increasing reliance on reasoning or visualisation skills in solving problems in those grades.
The predictive analyses also show that there is significant variation in the extent to which math performance is reliant on prior math performance. Specifically, math performance at Grade 1 is noticeably less reliant on prior performance at kindergarten than are relations found in most other grades. A comparison of the standardised regression coefficients also suggests that doing well in math at Grade 1 depends somewhat more on WM and updating capacity (β = .379) than on children's math performance the previous year (β = .208). This finding seems inconsistent with the extant findings on the importance of early numeracy skills (De Smedt et al., 2009; Geary, 2011) . However, bearing in mind that our kindergarten children were performing at high levels on the numeracy questions, it may be the case that though basic numeracy is important (Fuchs, Geary, Compton, Fuchs, Hamlett, & Bryant, 2010) , it contributes less to performance in arithmetic computation once competency is past a certain threshold (Meyer et al., 2010) .
Disparity between the predictive effects of WM, updating, and prior math performance is most notable for Grade 4, in which performance is predicted only by WM and updating. One explanation for this finding is that it is in this grade that most children would, for the first time, encounter decimal and fractions in the Numerical Operations task.
Children's initial difficulties with fractions are well documented (e.g., Mack, 1995) .
Although we need to be cautious in interpreting our findings because the questions attempted by most of the Grade 4 children involve not only fractions, the present finding suggests that earlier competencies in whole numbers provide little predictive power for how well children
Updating & Math27 will perform when they first encounter fractions (DeWolf & Vosniadou, 2015; Hartnett & Gelman, 1998; c.f., Siegler, Thompson, & Schneider, 2011) .
Unlike the earlier grades, the predictive power of WM and updating, relative to prior math performance, was noticeably weaker for the more senior grades (5 -9). As children progress through the Numerical Operations task, some of the items become more complex (simple algebra in Grade 7, exponentials in Grade 8). In the same sense as complexity was defined in the intelligence literature (e.g., Stankov, 2000) , more complex tasks require a broader range of math knowledge for solution. With items that are often more complex (and more difficult), one would expect them to place greater, not less demands on WM and updating resources. In contrast, our finding suggests that the increase in complexity places more demands on domain specific knowledge, but no additional demands on WM or updating resources. One possible explanation for these findings is that although the more complex items require knowledge of decimals, exponentials, and algebra, they are no more demanding in terms of the number of steps or the kind of arithmetic computation needed for solution.
Because of the reliance on domain specific knowledge, only children who have the requisite knowledge will likely be successful on the more difficult items.
Characterising Growth. A surprising finding was that though significant individual differences in WM and updating capacity were found at kindergarten, the rate at which capacity increased, when averaged across the ten grades, did not exhibit individual differences. We know of only two other studies that examined this issue. Hackman et al. (2014) found significant variation in rate of WM growth in participants aged 10 to 18 years, and Van der Ven et al. (2012) found significant individual differences in rates of WM growth in children aged 7-8 years. However, an inspection of the model used in Van der Ven et al. (2012) suggests that a non-significant term that specifies no individual differences would have yielded a more parsimonious model. Given the differences in age range and material, it is difficult to pinpoint the variables that resulted in the differences in findings. It should be noted that in the present study, variance in rate of growth was estimated over the entire age range. This does not preclude the possibility of localised changes within a narrower range.
SES and Gender Differences.
Though not a central focus of the study, we capitalised on the availability of SES and gender data and examined whether they explained some of the variance in the data. We found minimal gender differences, but significant SES related differences. In perhaps the first longitudinal prospective study on the relation between SES and WM, Hackman et al. (2014) found their relation to remain unchanged from childhood to adolescence. Similar to Noble, Norman, and Farah (2005) , they argued that variation in early childhood family environment is the most likely cause of WM differences. Although we do not have specific data that speak to this issue, our finding is consistent with this interpretation. Regarding math performance, SES predicted higher rates of growth, but only for the Grade 4 cohort. The reason for the lack of a more wide-spread pattern of influence is not clear. One explanation is that we followed this cohort through a major transition: from primary to secondary school. At Grade 6, all local children sit for a high-stake national examination that determines how they are streamed in secondary school. It is plausible that our finding reflects differences in the resources that family can muster in helping children prepare for the examination. However, this explanation is counter-indicated by the lack of a similar finding from the Grade 6 cohort, who also underwent the same transition. Unlike the Grade 6 children from the younger cohort, who exhibited the highest bivariate correlation between SES and math performance (r = .401), these children exhibited only a weak correlation (r = .190) . Furthermore, there is evidence to suggest that children from lower SES families do not perform more poorly in the national examination (Ng, 2011) . Given the likelihood that SES effects will differ depending on societal affordances, more local research is needed.
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Implications for WM Training and Pedagogical Practice. If difficulties associated with the lack of transfer and maintenance of training effects can be overcome, our findings suggest that the early years (kindergarten to Grade 2) provide a better time for WM intervention. Although the strength of concurrent correlations between WM and math performance remains high through to Grade 9, the early years see a somewhat lower dependence on prior math achievement as compared to the senior grades. This increases the likelihood that improved WM and updating capacity alone will produce better math performance. This recommendation is qualified by two important findings from the growth models. These models show that WM and updating capacity at kindergarten is predictive of averaged rates of growth in math. They also show that the rate at which WM and updating develop is invariant across individuals. One inference that can be drawn from these findings is that if children's WM and updating capacity can be optimised by the time they are at kindergarten, they will likely improve in math more quickly over the next nine grades.
However, this optimism is countered by the finding of invariance. This finding suggests that, in spite of the vicissitudes of experiences and upbringing that would have been encountered by the children, WM and updating capacity is likely resistant to transient changes in the environment. Recent reviews have raised fundamental concerns about whether there is sufficient data to show that WM or updating capacity can be improved (e.g., Shipstead, Redick, & Engle, 2012) . Our finding of invariance suggests that training stands a better chance of success if administered at or prior to kindergarten. The possibility of training success notwithstanding, with findings that individual differences in executive functioning are attributable to genetic factors (Friedman et al., 2008) and perhaps resistant to change, more efforts are needed to examine how pedagogical practices can be made to accommodate WM limitations.
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From a curricular viewpoint, our findings show that math performance at Grade 7 predicts performance one year later, but it also has a more distal relation with math performance two years later. In some ways, these findings are not surprising because
Singapore uses a spiral curriculum in which material taught in earlier years are revisited and built upon in later years. More noteworthy is that this was the only distal relation that was significant. Questions answered by Grade 9 participants dealt largely with fraction division and computation involving symbolic algebra. The distal relation may reflect the importance of attaining a high degree of proficiency in basic computation involving symbolic algebra, when it was first introduced in Grade 7.
Caveats
A strength as well as a weakness of this study is that growth in math performance was indexed by only the WIAT Numerical Operations task. The use of a standardised measure allowed us to put performance on a common metric and to examine growth across the 10 grades: a central aim of this study. Though our findings provide limited insight on the role of WM and updating at the processing level, or identify differences in strategies that children use for solution, children who are faced with an end-of-term achievement test will likely need to make use of a mix of different processes and knowledge. Our findings, based on the Numerical Operations task, provide an appropriate platform to examine the role of WM and in those common, but important school assessments. Regarding generalizability to other populations, it should be noted that though our sample was recruited from schools serving low to middle SES neighbourhoods, it is within an educational system where math performance is generally high (Mullis, Martin, Foy, & Arora, 2012) . As noted earlier, our kindergarten children generally did well and exhibited less variance on the early numeracy items. This may have depressed the predictive power of early math performance on later achievement. Indeed, in a meta-analyses of large scale studies conducted in Canada, the US, and the UK, G. J. Duncan et al. (2007) found early math skills were more predictive than attention skills. However, even in that study, the relative importance of early math versus attentive skills was found to differ across data sets.
Conclusions
Our findings replicate and extend our knowledge regarding relations between WM, updating, and math performances in several ways. First, they show that from a cross-sectional perspective, the correlations between WM, updating, and math performance vary across grades; the strongest relations were observed in Grades 1 and 2. Second, from a longitudinal or predictive perspective, the explanatory power of WM and updating do not vary with grade.
However, its importance relative to prior math achievement varies: prior achievement has a more important role in the senior grades. These findings are consistent with the view that relations between WM, updating, and math performance vary with grades and the domain of math under consideration. Of note is that this variation is driven not by changes in the predictive power of WM and updating; these relations are statistically invariant across the ten grades. Instead, variation only arose when the predictive power of WM and updating was considered in contrast to that of prior math achievement. The latter varied considerably across grades. Third, differences between the cross-sectional versus the predictive findings suggest Updating & Math32 that there are grade related differences in the role of WM and updating in problem solving, versus in supporting the learning of new concepts and procedures.
An important contribution of this study is the finding that the rates at which WM and updating capacity grow do not exhibit individual differences. SES predicts WM and updating capacity at kindergarten; this, in turn, predicts rates of growth in math from Grade 1 to 9.
Considered together, these findings further reinforce the importance of kindergarten and prekindergarten experiences in influencing both domain-general and domain-specific abilities. The numeral at the end of each variable name denotes the wave at which data were collected. The diagonals refer to variances. The raw Listening Recall, Mr. X, and Pictorial Updating scores were divided by 2, 2.5, and 10, respectively, to bring their variance onto the same range. Maximum raw scores were 18, 16.8, 21.6, and 54 for the Listening Recall, Mr. X, Pictorial Updating, and math scores respectively. Note. NO = Numerical Operations; WMU = working memory and updating latent factor; AIC = Akaike information criterion; RMSEA = root mean square error of approximation; CFI = comparative fit index; SRMR = standardized root mean residual. ** < .01; *** < .001; † significantly different from Grade 1. 
